The Agua Amarga coastal aquifer has been the object of a succession of anthropogenic interventions over the last 90 years: (a) the operation of saltworks from 1925 to 1975; (b) the withdrawal, since 2003, of groundwater from the aquifer along the coast line; and (c) the programme of pouring seawater over the salt marsh, carried out since 2009, to recover the piezometric levels and the soil moisture conditions. For a better understanding of how these past and present human activities have affected the natural groundwater regime, and to validate certain hypotheses concerning the interpretation of experimental data on temperature depth profiles and piezometric and salinity changes, a numerical fluid flow and solute transport model was designed and applied to the period 1925-2010, using SEAWAT. This model reproduces, in a qualitative and quantitative way, the flow and transport processes that operated during this time, as well as the behaviour of the seawater wedge.
INTRODUCTION
Seawater intrusion into coastal aquifers gradually causes groundwater salinization, a widespread phenomenon that has been intensively studied for several decades (Bear et al. 1999) . In Mediterranean regions, where semi-arid conditions lead to low recharge and high pumping rates, seawater intrusion is especially flow and solute transport, the results of which must be verified by experimental data obtained in the field. These models can be used for research purposes, such as monitoring increases in salinity due to human interventions (Giambastiani et al. 2007 , Barazzouli et al. 2008 , or for management purposes to preserve groundwater quality, e.g. the optimization of pumping networks (Mantoglou et al. 2004, Mantoglou and Papantoniou, 2008) , the scheduling of pumping and artificial recharge (Abbo and Gev 2008) , or the combination of natural or artificial recharge (Kopsiaftis et al. 2009 ). This paper describes the case of Agua Amarga, a small coastal aquifer located 3 km to the south of Alicante city, southeastern Spain, near the airport of El Altet (Fig. 1) . This aquifer has been subjected to three successive anthropogenic activities in the last 90 years that are identified as scenarios in the simulation model. The first activity began in 1925, with the development of saltworks over the aquifer surface, taking advantage of the topographic conditions of the land and the lagoon-like geomorphology. Saltwater infiltration from the evaporation pool caused the saline contamination of both subsoil and groundwater, an effect confirmed by field reconnaissance carried out from 2003 to September 2010 in the form of boreholes, geophysical tests, and pieziometric and hydrochemistry measurements. The saltworks closed in 1975, allowing the site to evolve into its natural ecosystem, known as the Agua Amarga salt marsh, which is a municipal natural park and is included in the wetlands catalogue of the Autonomous Community of Valencia, since it contains natural habitats of community and priority interest covered in the EU Water Framework Directive 97/62/EEC.
The second anthropogenic intervention began with the opening of the water-supply wells for Alicante I desalination plant (D-I). The pumping network comprises a set of 33 vertical wells located along the coast line at the northeastern edge of the aquifer that withdraws around 45 hm 3 of water per year, causing a gradual fall in piezometric levels. Since July 2008, the Alicante II desalination plant (D-II) has also contributed to lowering these levels. The D-II plant abstracts water from 118 inclined drainage wells located inside a 1-km-long tunnel, parallel to the coast, as well as 11 horizontal directional drillings (HDD) lying on the seafloor (Rodriguez Estrella and Pulido-Bosch 2009 ). These HDDs do not affect the piezometry of the aquifer, because they take seawater directly from the sea. The volume of water taken for D-II varies between 1 and 4 hm 3 /month.
The third human intervention of importance was initiated in an attempt to preserve the salt marsh ecosystem and its zone of influence. To this end, the Mancomunidad de los Canales del Taibilla, the agency responsible for the exploitation of the desalination plants, decided to recover the piezometric levels by pouring seawater over the salt marsh surface. This recharge had two effects: the hydrological recovery of the aquifer, contributing to an increase in the soil moisture conditions, and a decrease in the salinity levels of the groundwater below the salt marsh.
The aim of this paper is to present an integrated numerical model, calibrated and compared with physical and chemical field data, capable of reproducing in a qualitative and quantitative way the effects of this set of successive anthropogenic interventions on groundwater salinity, piezometry and movement. The model provides a tool for understanding the history of the system and the aquifer. The objectives of the model are:
(a) to explain how the activity of the saltworks has influenced the existence and spatial distribution of deep brines; (b) to establish how groundwater abstraction for desalination plants has modified the natural groundwater regime by causing a general decrease in the piezometry below the salt marsh; (c) to explain the relative changes in groundwater movement below the salt marsh due to buoyancy-driven flow induced by density changes; (d) to assess the effect of the seawater pouring programme on piezometry and salinity; and (e) to study the potential changes in the seawater wedge caused by a series of anthropogenic interventions.
The software used was the SEAWAT model, a version of MODFLOW and MT3D (Langevin et al. 2003) combined through the Visual Modflow 4.2 interface.
HYDROGEOLOGICAL SETTING
Agua Amarga is a multilayer coastal aquifer located in the east of the Elche-Bajo Segura basin, within the geological context of the Betic Cordilleras. The materials that make up the depression are postorogenic sediments from the Neogene-Quaternary, lying with disconformity over the Triassic Subbetic. The Upper Quaternary-Pliocene unconfined semipervious layer is formed by the more transmissive layers of Upper Pliocene calcareous sandstone (Fig. 2: 4) and Tyrrhenian calcarenites ( Fig. 2 : 2), the first extending over the whole base of this aquifer, and the second from near the coast to a minimum of 600 m seawards, where it makes up the seabed; both layers reach their greatest thickness near El Altet village. The less productive materials are formed by Quaternary continental surface deposits ( Fig. 2: 3), which also extend below the Tyrrhenian layer under the sea. The impervious base comprises mid-Pliocene marly materials ( Fig. 2: 5 ). The lower confined aquifer is formed by narrow marly layers intercalated among sandy-limestone and calcareous-sandstone materials. Despite the thickness of this aquifer, its low transmissivity, in conjunction with the high salinity of the groundwater, makes it unprofitable for exploitation. The upper aquifer-the one exploited by the desalination plants-has a triangular form, limited in the north by the marly outcrops of the lower Pliocene ( Fig. 2 : 5) at the Sierra del Colmenar. Towards the south, along the line marked by the airport and the Urbanova beach resort, the limit is defined by a groundwater watershed, as confirmed by the piezometric field survey. In the west, a hydraulic connection with the Quaternary aquifer of Elche basin is assumed through the Pliocene-Pleistocene continental sediment ( Fig. 2: 3) and the Upper Pliocene calcareous sandstone ( Fig. 2: 4) . The eastern limit is open to the sea through Tyrrhenian materials. Thus, the continental surface of the aquifer, which occupies an area of 1700 ha and extends 4.5 km inland, is considered an endorheic basin separated from the sea by a coastal chain of sand dunes ( Fig. 2: 1 ) with an average width of 50 m. It presents a flat topography, sloping seawards, with a height of between 4.0 and 0.2 m above sea level.
The water supply for the catchments is guaranteed by hydraulic interconnection between layers, due to the heterogeneity of the lithology, changes in the facies (deep and lateral) and the existence of faults, which forces groundwater to flow through preferential channels. The main characteristics of the layers of the upper aquifer are summarized in Table 1 .
The information provided in Table 1 was obtained by hydrogeological prospecting carried out during 2001-2003, when a large number of pumping tests and boreholes were executed in order to determine the feasibility of exploiting the aquifer and the location of the collecting system. The results from pumping tests carried out along the coast line on calcareous sandstones (Fig. 2: 2 and 4) and from Lugeon, and infiltration tests carried out on continental materials ( Fig. 2: 1, 1 and 3) were used to set the hydraulic conductivity, transmissivity and porosity values of the model.
As regards the groundwater quality, the main chemical characteristic was its very high salinity (hydrochemical NaCl facies), with values of up to 70 g/L in some parts of the salt marsh, that makes the water unfit for conventional use, including agriculture.
OBSERVATIONAL DATA
From May 2008 to September 2010, piezometric and hydrochemistry field surveys were carried out in the 20-point monitoring network of the Agua Amarga salt marsh and nearby zones (Alhama 2011) . The data collected emphasized the effect of anthropogenic actions, as shown in Fig. 3 . The piezometric levels beneath the salt marsh, which were already below the seawater level due to groundwater withdrawal by D-I, fell further when the D-II plant opened (July 2008). Later, the beginning and end of the seawater pouring programme (December 2009-July 2010) produced an increase and decrease, respectively, in the levels. High levels over this period were also conditioned by a drop in D-II groundwater abstraction. In addition, natural recharge caused by rainfall in September 2009 contributed to the increase in the levels at the beginning of the seawater pouring programme. The piezometric map corresponding to January 2009 ( Fig. 4) shows that groundwater flowing from the land changes its natural discharge seawards and heads to the pumping wells of the D-I plant, causing seawater intrusion along the aquifer. The piezometric threshold around piezometer P-8 can be explained as an effect of a relative upwards movement of groundwater caused by the presence of deep brines, which act as a wedge, preventing water from the land passing through the relatively more saline groundwater below the salt marsh. The depth of the depression cone is located around -13.5 m a.s.l., a figure that was corroborated a few months later by measurements made in disused wells unaffected by head-loss phenomena (DI-14 and DI-18).
As regards salinity distribution, Fig. 5 illustrates the depth changes over time recorded in piezometers P-1, P-6, P-8 and DI-4, for the period 2009-2010. These results confirm the existence of deep brines (from 18 to nearly 300 g/L in P-6 and P-8, respectively), as a result of saltworks activity, and, from February 2010, a general decrease in salinity. This decrease was due, on the one hand, to the dilution effect of the seawater pouring programme carried out over the salt marsh surface (decreases from 200 to 80 g/L and 150 to 40 g/L in piezometers P-8 and P-1, respectively) and, on the other hand, to the storage of freshwater from the hinterland to the west of the salt marsh (from 18 to 10 g/L in P-6) that resulted from the hydraulic barrier effect caused by the seawater pouring. The DI-14 salinity values (33-47 g/L) were very close to those of seawater (36-42 g/L), showing that the water flowing to D-I catchments came mainly from the sea.
SEAWAT MODEL

Governing equations
The mathematical description of the variable-density groundwater flow used by the SEAWAT model (Guo and Langevin 2002) comprises the flow and transport equations. The first is expressed in terms of freshwater head, assuming that the difference between the compressibility coefficient of saltwater and freshwater is negligible, while the second (Zheng and Bennett 1995) integrates the advection, molecular diffusion and mechanical dispersion terms. These equations are:
where ρ (kg/m 3 ) is the fluid density; K (m/s) is the hydraulic conductivity of freshwater, K = kgρ f /μ, with k (m 2 ) the intrinsic permeability, g (m/s 2 ) the gravitational acceleration, ρ f (kg/m 3 ) the density of freshwater and μ (kg/ms) the fluid viscosity; h (m) is the equivalent freshwater head; ∇z (-) represents a unit vector opposed to gravity; S f (m -1 ) is the specific storage coefficient; t (s) is time; c (kg/m 3 ) is the solute concentration; ρ s (kg/m 3 ) is the density of water entering from a source or leaving through a sink; q s (m/s) and q w (m 3 /s) are the volumetric flow rate representing sources and sinks; D (m 2 /s) the hydrodynamic dispersion tensor; v (m/s) is the groundwater flow velocity; c s (kg/m 3 ) is the solute concentration of water entering from sources and sinks; and ε (-) is the effective porosity. Decay processes are neglected since the solute (salt) is not reactive and its maximum concentration (80 g/L) does not reach precipitation values. In addition, molecular diffusivity is also negligible since its value for the materials of the aquifer (between 1 × 10 -4 and × 10 -5 m 2 /d) is several orders of magnitude lower than the dispersion coefficient (product of the dispersivity and the regional flow velocity). Finally, the mathematical boundary conditions required to complete the model are described in the Section 4.2, where they are physically defined.
Setting scenarios, spatial domain and boundary conditions
The model was structured in five successive scenarios, each reflecting a different anthropogenic intervention (Table 2) . Scenario 1, which simulates a sufficiently long time for the steady state to be reached, provided the initial intrusion wedge of the aquifer, which was used as input data (initial condition) for Scenario 2. Initial conditions for scenarios 3, 4 and 5 were determined by the final patterns (non-steady state) of the previous scenarios (2, 3 and 4, respectively). The physical domain of the aquifer covers 8.75 km 2 . To implement the coastal boundary condition, an additional area of 0.9 km 2 to the east of the shoreline was considered. A plan size of 50 (N-S) × 70 (E-W) m was assumed for each cell, which resulted in 40 rows (N-S) × 50 columns (E-W). The vertical thickness, 80 m on average, was separated into six layers. Thus, the total number of cells was 11 370, allowing the hydraulic conductivity distribution data to be fitted to the geological data. Bearing in mind the relationship between the accuracy of the results and mesh size (Johannsen et al. 2002 , Al-Maktoumi et al. 2007 , the chosen discretization represented a suitable compromise with the computational time required for each simulation (about two hours).
The impervious substrate is made up of Lower Pliocene marly materials (Table 1 : 5), whose outcrops along Sierra del Colmenar define a no-flow condition in the north. A no-flow boundary condition was also considered to the south (hydrogeological watershed), where an interchange fault-fold system parallel to the airport runway raises the impervious Lower Pliocene materials. A constant head boundary condition was defined on the seaward side (eastern row and upper layer), assuming the effect of tide movement to be negligible (the highest amplitude is 0.2 m in the Alicante area). To the west, a hydraulic connection was established with the Quaternary materials of the Campo de Elche. Its contribution to lateral recharge was estimated by applying Darcy's law to the N-S section of the aquifer, whose piezometry is known. This was set up in the model by means of recharge wells. The rest of the boundary conditions (infiltration, withdrawal, depositing data and salinity) were introduced in the model using real measurements and estimations (Alhama 2011) . A detailed summary of these conditions (category, values, application domain and time schedule) and the periods to which they applied are provided in Table 3 , while the spatial layout of each flow and transport boundary condition is shown in Fig. 6 .
It was difficult to establish the boundary condition for the salinity of the salt marsh since the factors that influence this phenomenon-such as the salt distribution in the saltworks pools, the salt contribution to groundwater (determined by permeability and the contact time between salt and water) and the varying concentration of the water filtering from the pools (between 38 and 200 g/L)-are interdependent and very complex. This means that the results for the chloride patterns are more qualitative than quantitative. As regards the uncertainty linked to some of the input data, the following assumptions had to be made: constant lateral recharge from the Quaternary aquifer of Elche Basin (Table 3 : condition 2), non-hydraulic connection with the Upper Messiniense confined semi-pervious (Table 3 : condition 8) and a constant amount of salt from the saltworks (Table 3 : condition 11). Further research will be aimed at throwing light on these aspects. The parameter calibrated was hydraulic conductivity and its spatial distribution. Values for the Table 3 . (Gelhar et al. 1992 , Ward et al. 2009 ), are summarized in Table 4 .
SIMULATION RESULTS
Scenario 1: steady-state intrusion wedge (before 1925)
The aim of this scenario is to create the starting point conditions for simulating Scenario 2. Figure 7 shows the intrusion wedge that penetrates 200 m into the central region and 300 m into the northern edge, where the continental water flow is lower.
Scenario 2: saltworks activity (1925-1975)
For this scenario, conditions 4 and 11 from Table 3 are implemented. These assume a permanent saltwater sheet of 0.4 m high (h c = 0.4 m, an average value representative of evaporation pools in Santa Pola saltworks, located 6 km to the south of Agua Amarga) over a (M =) 0.5-m-thick layer of continental Quaternary sediments (determined from 10 boreholes located in the salt marsh) with hydraulic conductivity of K = 0.5 m/d (obtained from infiltration tests). The salt lake covers an area of 1.3 × 10 6 m 2 according to the distribution of the present pools. With these data, Darcy's law provides an infiltration recharge of 18 250 mm/year. Bearing in mind the distribution and variation of salt water in a typical salt work pool (38-200 g/L, depending on the salt precipitation process), an average value of 80 g/L was attributed to the recharge water from the evaporation pools. Under these conditions, at the end of the period, the region below the salt marsh is completely contaminated by salt (Fig. 8) . The original intrusion wedge is modified due to the high salinity of the recharge water, and a contamination interface emerges below the western limit of the salt marsh (600 m inland from the coast line). In addition, an inverse intrusion wedge is generated below the coast line. The hydraulic head and salinity below the salt marsh act as a barrier, preventing continental path-lines from crossing the area.
Scenario 3: natural evolution (1975-2003)
Since there is no surface head charge due to the cessation of saltworks activity, condition 4 is deleted. As a consequence, no salt water infiltration from the pools takes place and the contamination does not spread to the same extent as it did in Scenario 2. However, the salt concentration in the soil remains as a residual effect of the saltworks activity (as verified by the presence of salt crystals in boreholes), contaminating the groundwater flowing below. To implement the source of salt, a concentration of 80 g/L was assumed for groundwater flowing through surface cells (condition 11). This leads to the development of "fingers" that connect the surface salt source with deeper brines at the bottom of the aquifer (Wooding et al. 1997 , Mazzia et al. 2001 . The appearance of eddies (see path-lines in Fig. 14 in Section 6) is typical of this type of scenario, where buoyancy-driven flow arises from density changes below the salt marsh (Holzbecher 1998) .
At the end of this period, it can be appreciated how the continental flow pushes the contamination interface seawards to its new position 300 m from the coast line ( Fig. 9(a) ). The deep brine pockets maintain the inversion of the intrusion wedge ( Fig. 9(b) ). The continental path-lines, unlike in the preceding scenario, go under the salt marsh, drawing complex trajectories that are conditioned by the salinity patterns.
Scenario 4: start-up of the desalination plants (from 2003)
The start-up of D-I (September 2003) and D-II (July 2008) is implemented by conditions 6 and 7(a) or 7(b), respectively. This action modifies the piezometry (between -5.0 and -1.0 m a.s.l. below the salt marsh) and generates a depression cone (-13.0 m a.s.l.) in the surroundings of the D-I pumping wells (Fig. 10) . As regards the contamination interface, this moves 200 m landwards at the southern edge. In the north, near the D-I wells, the toe of the intrusion wedge moves seawards, while seawater intrudes the upper layers. Changes in the contamination and intrusion interfaces are due to the decrease in pressure over these interfaces caused by the continental water abstracted by the desalination plants.
Scenario 5: seawater pouring programme (December 2009-July 2010)
Condition 12 applies to this scenario, while condition 11 is deleted. The result is a recovery of the piezometric levels below the salt marsh (between -1.5 and 0.0 m a.s.l) and a generalized decrease in the salinity at the surface layers of the aquifer (Fig. 11) , as verified by the field surveys. The highest concentration zones (brines) are limited to local superficial points of low permeability (yellow spots at the surface) and to deeper layers due to the effects of gravity and convection-recirculation movements. The starting point for this is the final pattern of Scenario 4 (November 2009). Pouring is implemented in the model by an infiltration of 249 mm/month to the north of the salt marsh for eight months (equivalent to a total volume of 0.737 hm 3 ). A double effect involves the recovery of the levels in the zone where they were most depressed and the creation of a hydraulic barrier (piezometric dome) for the water flowing from the land. Due to this last effect, the hydraulic gradient diminishes and the levels in the inner and southern zones of the salt marsh increase.
CALIBRATION
Calibration is an essential process in modelling, since it serves to test how close to reality output data are. The requirements of the calibration are set by the objectives of the models itself and the reliability of the input data (Anderson and Woessner 1992) . In the Agua Amarga SEAWAT model, the calibration was carried out using trial-and-error sensitive analysis and no algorithm or predictive analysis interface tools were considered for this purpose. Regardless of the fact that such manual techniques involve detailed work, they allow parameter changes and their spatial distribution to be monitored. Experimental data were used to quantitatively calibrate (piezometric evolution and the isotopic budget) and qualitatively validate (salinity changes and groundwater movement deduced from temperature depth profile) the model. The calibration procedure followed the steps detailed below:
• The average hydraulic conductivities were first set for each material ( (Table 1 : 2), the data from the DI-14 and DI-18 piezometers, located amongst the DA-I pumping wells, were used. The piezometry in these control points represents the depth of the depression cone.
• The hydraulic conductivity of the Holocene and Pliocene-Pleistocene materials (Table 1 : 1 and 3, respectively) was calibrated through an iteration process, taking an initial low value of 0.2 m/d for the Pliocene-Pleistocene materials. Piezometric data of P-1 and P-8, which are representative of groundwater depth below the salt marsh, were used to compare output simulation results. Successive iterations allowed an optimal value for hydraulic conductivities to be fixed. • For optimal calibration, steps 2 to 3 were repeated.
This provided the final hydraulic conductivities (Table 5) , which were very close to the experimental measurements. Figure 12 shows how model outputs (MOD lines) match the general trend of piezometry. The differences between simulated and real measurements at the beginning, between May and September 2008, were due to the D-II testing period. This period was not considered in the model because of the lack of abstraction data. After this period, between October 2008 and December 2009, the differences were the result of fluctuations in lateral recharge and rainfall, which were considered constant in the model (Table 3 : conditions 1(a), 1(b) and 2), and to daily variations in the volume of groundwater pumped for the desalination plants, which were also not taken into account in the simulation. However, the close qualitative and quantitative trend for both field and simulation data suggests that the calibration of the model was acceptable. Figure 13 shows a general piezometric head map provided by the model in Scenario 4. Three points should be highlighted in relation to this map: a depression cone located in the northeastern part of the aquifer, a drainage axis below the salt marsh and an inflection in the curvature of the isolines at the west of the salt marsh, where the continental groundwater flow reaches the salt contamination front. These observations agree with the piezometric map drawn up from the field measurements ( Fig. 4) . Some other parameters, such as temperature, salinity and isotopic content, were taken into account to confirm the model results. As regards the isotopic results, the seawater/continental water ratio in D-I provided by the model was compared with that obtained by the deuterium isotopic budget (Table 6) in Scenario 4 by setting out the balance equations:
where a and b are the volumes of continental and sea water, respectively. According to this, the seawater water volume is 88%, a value very close to the 86% obtained in the simulation. This percentage was calculated using the VM Zone budget engine around the D-I pumping wells. As regards salinity, the general decrease recorded during and after the depositing programme was satisfactorily simulated by implementing conditions 5, 11 and 12. Note that salinity in June 2010 in P-1 (40 g/L in Fig. 5 ) agrees with the simulated value in Scenario 5 (see Fig. 11 in Section 5). As regards the temperature depth profiles, the groundwater movement into the aquifer reflected by these types of profile (Anderson 2005 ) was compared with the simulated movement by particle tracking (Fig. 14) . The pathlines show an upward movement of groundwater when it reaches the salt marsh (P-8 position) and a downward movement when the particles are below the salt marsh (P-1 position). Comparison of P-1 and P-8 temperature profiles allows the relative movement of groundwater to be deduced: an upward component in flow near P-8 and a downward component near P-1. These observations are also congruent with the existence of a piezometric threshold near P-8 ( Fig. 4) , as mentioned in Section 3. Finally, the profiles for P-11 highlight the pattern of the recharge zones (Calvache et al. 2011) ; seawater comes in from the sea to reach the groundwater collecting system of the desalination plants. The particles released on the sea floor reach the catchments through the aquifer in the simulation (see path-lines from the seaward side in Fig. 14) . This observation is also supported by groundwater flow direction along the coast line deduced from the piezometric head map (Fig. 4 ) and from the seawater salinity values of DI-14 ( Fig. 5 ) located next to the D-I pumping wells.
SUMMARY AND CONCLUSIONS
The Agua Amarga coastal aquifer has been subjected to successive anthropogenic actions which have conditioned the salinity of its groundwater (saltworks activity, 1925-1975) and led to the lowering of piezometric levels (start-up and operation of the desalination plants, [2003] [2004] [2005] [2006] [2007] [2008] [2009] [2010] . These effects were verified in the monthly piezometric and salinity measurements carried out in field surveys from May 2008 to September 2010. The last anthropogenic action was the pouring of seawater over the aquifer surface (2009) (2010) in order to mitigate the effects of groundwater abstraction, which has led to a recovery of the piezometric levels and a general decrease in salinity.
A SEAWAT model was used for a deeper understanding of the complex effects of the abovementioned anthropogenic interventions on groundwater, as well as to interpret experimental data and show the evolution of the seawater wedge.
The model reproduces, in a qualitative-quantitative way, the flow and transport processes induced by human interventions. It explains the spatial distribution of deep brines caused by saltworks activity and how desalination plant activity has modified the natural groundwater regime, causing a general decrease in piezometry below the salt marsh. It also assesses the effect on salinity and piezometry of the seawater recharge carried out over the salt marsh surface. In addition, the model is used to establish the relative changes in groundwater movement below the salt marsh (due to buoyancy-driven flow induced by density changes) and along the coast line (due to seawater flowing to the collecting system), which can also be inferred from temperature depth profiles in the piezometers located in the salt marsh (P-1 and P-8) and in the shoreline (P-11), respectively.
The potential changes in the seawater wedge caused by the set of anthropogenic interventions were also studied using the model, which demonstrated the existence of an inverse intrusion wedge below the coast line and the appearance of a contamination interface at the west of the salt marsh, both the consequence of the saltworks activity. Pumping so close to the shore provides a high seawater percentage flowing to the collecting system (88% according to isotopic data). However, due to the decrease in pressure over the interfaces, induced by the hinterland groundwater percentage flowing to the D-I collecting system (12%), abstraction causes a landwards movement of the interfaces, far from the pumping wells, and a seawards movement near the pumping wells. Both of these movements are also reproduced in the simulations.
